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Abstract
The present invention provides a method for the alpha,omega-arylation/alkylation of a non-conjugated diene
in one step by reacting the diene with an aryl iodide or an aryl bromide and a carbon nucleophile in the
presence of an amount of a Pd(O) complex effective to catalyze the reaction.
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The present invention provides a method for the al-
pha,omega-arylation/alkylation of a non-conjugated 
diene in one step by reacting the diene with an aryl 
iodide or an aryl bromide and a carbon nucleophile in 
the presence of an amount of a Pd(O) complex effective 
to catalyze the reaction. 
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PALLADIUM-CATALYZED COUPLING OF ARYL 
HALIDES, NON-CONJUGATED DIENES AND 
CARBON NUCLEOPHILES 
BACKGROUND OF THE INVENTION 
jugated diene, comprising reacting a compound of the 
formula Arl or ArBr, wherein Ar is a substituted or 
unsubstituted aryl moiety, with a non-conjugated acy-
clic or cyclic diene and a carbon nucleophile of the 
5 general formula HC(X)(Y)(Z), wherein X is preferably 
H, (C11 -C4)alkyl, Ar or Ar(Ct-C4)alkyl; and Y and Z 
are individually CN, COz-(Ct-C4)alkyl, (Ct-C4)alkyl-
carbonyl, -S02Ar or taken together -C(O)(CHz. 
This invention was made with the support of NIH 
Grant No. GM 24254. The U.S. Government has cer-
tain rights in this invention. 
Synthetic methodology which allows for a rapid 10 
increase in molecular complexity is extremely valuable 
)m-C(O)- wherein m is about 3-6or -C02-(CH2. 
)n- wherein n is about 2-6, in the presence of an effec-
tive amount of a Pd(O) catalyst and a base to yield a 
compound of the formula 1: 
Ar-CH-(CH)p-CR3=cR>-cH-C(X)(Y)(Z) 
II 11 I' R R· R-
(I) 
wherein p is at least 1, and R 1 and R2 are individually H, 
(Ct-Cs)alkyl, Ar, Ar(Ct-C4)a1kyl, or taken together are 
-(CHz)q-; q is at least 1, preferably 1-3; wherein each 
R3 is H, (Ct-Cs)alkyl, Ar or Ar(C1-C4)alkyl; and 
wherein Ar, X, Y, and Z are as described above. 
The diene component of the present invention can be 
represented by the formula (II): 
(II) 
in organic chemistry, particularly when it generates 
more than one new carbon-carbon bond at a time, ac-
commodates considerable functionality and is broad in 
scope. Recently carbon-carbon bond formation cata- 15 
lyzed by transition-metal complexes has been used ex-
tensively in organic syntheses. In such reactions, Tr-
allylmetal complexes frequently play an important role 
because of their high reactivities toward various nucleo-
philes, which result in transfer of the allyl groups from 20 
the metal to the nucleophiles. See, F. R. Hartley et al., 
eds., The Chemistry of the Metal-Carbon Bond, Vol. 4, 
John Wiley and Sons, N.Y. (1987). For example, M. 
Uno et a!., J. Chern. Soc. Perkin Trans., 1, 647 (1990), 
reported that a palladium-phosphine complex catalyzes 25 
the 1,4-arylation/alkylation reaction of buta-1,3-diene 
with halogenoarenes and stabilized anions such as 
-CH(CN)2, -CH(CN)COzMe, and -CH(C02Et)2, 
where two carbon-carbon bonds are built up from three 
components by a tandem insertion/coupling reaction in 30 wherein R 1, R2, R3 and Pare as defined above. Prefera-
one catalytic cycle. This reaction is summarized in bly, Pis 1-2 to about 9-10 and q is 1 to about 10. Prefer-
Scheme I, below, ably, each R3 isH or (Ct-Cs)alkyl, most preferably each 
R3 is H or CH3. In fact, the upper limits of both p and 
Scheme I 
wherein Ar is, e.g., phenyl and X is halogen. 
S. A. Lebedev et al., in Mettaloorg. Khim., 2, 624 
(1989) (Chern. Abstr., 111, 231969z (1989), reported that 
(PhCN)zPdCb catalyzed the 1,4-addition of Me3SnPh 
q are controlled only by physical or practical consider-
35 ations, such as solubility of the starting material and the 
product cost of the starting material, reaction condi-
tions and the like. 
The compounds of formula I are apparently formed 
by arylpalladium generation and addition to the Jess 
40 substituted end of the diene, palladium migration down 
the carbon chain to form a Tr-allylpalladium intermedi-
ate, and carbanion displacement of the palladium moi-
ety. 
The compounds of formula I can be utilized directly, 
45 e.g., as substituted unsaturated monomers for the prepa-
ration of aralkyl-substituted polymers, or can be utilized 
indirectly as intermediates in the synthesis of more com-
plex bioactive compounds. Cleavage of the double bond 
in compounds of formula I can yield arylalkanoic acids. 
to 1,3-butadiene to yield PhCHzCH=CHCHzPh. 50 DETAILED DESCRIPTION OF THE 
INVENTION J. M. O'Connor et al., in J. Org. Chern., 48, 807 (1983) reported the reaction of 1-bromo-2-methylpropene and 
sodium diethylmalonate with the conjugated diene iso-
prene in the presence of Pd(OAc)2.2PhJP to yield 22% 
of dimethyl(2,6-dimethyl-hepta-2,5-dien-l-yl)malonate. 55 
Also, D. 0. Bender et a!., in J. Org, Chern., 47, 1278 
(1984) reported the coupling of an aryl halide, a 1,4-
diene and a secondary amine in the presence of palla-
dium acetate-tri-o-tolylphosphine, to form mixtures of 
phenyl pentadienes and phenylpentenylamines, each in 60 
less than 50% yield. 
However, a need exists for simple synthetic methods 
to accomplish the alpha,omeqa-aryl!alkylation of non-
conjugated alkenes in high yields. 
A wide variety of substituted and unsubstituted aryl 
iodides or aryl bromides (Arl or ArBr) can be em-
ployed in the present process, and the Ar("aryl") sub-
stituent(s) on the diene or on the carbon nucleophile can 
likewise be substituted or unsubstituted. Preferably, Ar 
is a C6-Cw aryl moiety, such as phenyl, naphthyl, 2- or 
3-thienyl, 2-or 3-furyl, 2-, 3- or 4-pyridyl and the like. A 
wide variety of 1-3 non-iodo substituents can be present 
on the aryl ring, including Cl, Ar, Br, F, formyl, amino, 
nitro, -CH(OCH3)2, -CH(OEt)2, -C02R3, -CN, 
(Ct-C4)alkyl, (Ct-C4)-alkoxy, ArO-, 3,4-methylene-
dioxy, (Ct-C4)alkoxycarbonyl, (Ct-C4))alkylcarbonyl, 
SUMMARY OF THE INVENTION 
The present invention provides a synthetic method 
for the alpha,omeqa-arylation/alkylation of a non-con-
65 (R4)(R5)N, (R5)S-, wherein R4and Rs are each (C1-C-
4)alkyl, phenyl or mixtures thereof. Other representa-
tive Ar-substituents are given in Blaser et al. (U.S. Pat. 




by reference herein, at Col. 2, line 19 to Col. 3, line 3. If 
an aryl bromide is used, the substituents are preferably 
electron-withdrawing. As used throughout, the term 
"alkyl'' includes branched or straight-chain alkyl. Pref-
erably Ar is phenyl, tolyl, xyxyl, anisyl or 3,4-methy- 5 
lene-dioxy. 
The palladium(O) (Pd(O)) catalyst is generally em-
ployed in an amount of about 0.001-20 mol-%, prefera-
bly 0.001-3 mol-%, based on the aryl halide. Useful 





bis-(phenylisonitrile)-palladium(O), and bis-(p-methox- 15 
yphenylisonitrile)-palladium(O). Amongst the above 
compounds, bis-(dibenzylidene-acetone)-palladium(O) 
is preferred. 
Other catalysts, e.g., Pd(II) catalysts, can also be used 
and the carbon nucleophile, HC(X)(Y)(Z), are com-
bined in a mole ratio of about 1:1-10:1-10; preferably, 
about 1:2-5:2-5 in a suitable organic solvent with the 
Pd(O) catalyst, the base, and preferably, the chloride 
source, and the reaction mixture is heated at about 
6<t -120° C. for about 5-50 hours under an inert atmo-
sphere, i.e., until the Arl or ArBr is consumed. The 
crude product I is extracted, i.e., into diethyl ether and 
can be purified by chromatography. 
Preferred organic solvents are those which are polar. 
These include (C1-C4)alkanols, tetrahydrofuran (THF), 
acetonitrile, ethers, glycol ethers, dimethylformamide, 
hexamethylphosphoramide and dimethylsulfoxide. 
The invention will be further described by reference 
to Examples 1-21, as summarized on Table I, below. 
These examples were carried out using the following 
experimental procedure. 
EXAMPLE 1 
in the present method, which yield Pd(O) during the 20 To a culture tube (16X 125 mm) with a micromag-
course of the reaction. These include PdClz, Pd(OAc)z, netic stirring bar was added sodium bicarbonate (0.105 
PdBrz, Pd(CN)z, Pd(N03)2 and the like. Other Pd cata- g, 1.25 mmol), tetra-n-butylammonium chloride (0.153 
lysts which can be used in the present method include g, 0.55 mmol) and bis(dibenzylideneacetone)palladi-
those disclosed in Blaser eta!. (U.S. Pat. No. 4,335,054) um(O) (0.014 g, 0.025 mmol). After flushing with nitro-
at Col. 6, line 5 to Col. 7, line 3. 25 gen gas for several minutes, I or 2 ml of dimethyl sulf-
Bases used in the present process can be inorganic or oxide was injected into the tube through a septum. Then 
organic bases, which are adequately soluble in the reac- the aryl halide (0.50 mmol) was added, followed by the 
tion medium. Representative bases are disclosed at Col. non-conjugated diene (1.00 or 2.50 mmol) and the car-
7, lines 8-65 of the Blaser et a!. patent. Preferred inor- bon nucleophile (1.00 or 2.50 mmol). After the addition 
ganic bases for use in the present process include Naz. 30 of all reagents, the culture tube was sealed with a screw 
C03, KHC03, KzC03, LizC03, and the most preferred cap lined with Teflon and the reaction mixture was 
inorganic base NaHC03. The preferred organic bases stirred at 80° C. for the reaction time indicated in Table 
are trialkylamines. I. The reaction mixture was allowed to cool to room 
A source of halide, preferably of chloride (Cl-), is temperature, diluted with ethyl ether (10 ml) and 
also preferably employed in the present process, and 35 washed three times (20 ml X 3) with saturated aqueous 
can act to increase both the reaction rates and the ammonium chloride. The aqueous layer was back-
yields. Preferred chloride sources are tetralkyl- or tet- washed twice (20 ml X 2) with ether. The combined 
raaryl ammonium chlorides, tetraalkyl or tetraaryl ether layer was dried over anhydrous NazS04and evap-
phosphonium chlorides and alkali metal chlorides, in- orated under reduced pressure to remove the solvent. 
eluding tetra-n-butylammonium chloride (n-BU4NCl) 40 Finally, the product was isolated by flash chromatogra-
and lithium chloride. phy on a silica gel column. All coupling products were 
In carrying out the synthesis of the compounds of characterized by IH and 13C NMR, FT-IR, and mass 







Palladium-Catal~zed Cou~Jing or Ar~l Iodides, Non-Conjugated Dienes and Carbon Nucleo[!hiles 
carhon time %isolated 
Ex. aryl iodide diene equivs nucleophile equivs (h) product yield 
I C6Hsl H2C=CH(CH2hCH=CH2 I H2C(C02C2Hsh I 24 E-C6Hs(CH2)_1CH=CHCH2CH(C02C2Hsh 29 
2 I 2 24 68 
3 2 I 48 65 
4 2 2 12 82 
5 2 5 12 76 
6 5 2 12 62 
7 5 5 12 82 
8 2 NCCII2C02C2H5 2 12 E-C6Hs(CH2)3CH=CHCH2CH(CN)C02C2H5 32 OJ 
9 5 5 12 81 
10 2 0 2 12 0 72 
cu,-b ~ E-c,<<,rcn,hcH=CHc•••D 
CH1 
II . II 
0 0 
II 5 5 12 64 VI 
....... 
12 5 0 0 5 12 0 64 0\ 
II II E-ChHs(CH2)JCH=CHCH2 II .f'-
~() CH3C0~0 VI ....... 00 
13 H2C=CH(CH2)4CH=CH2 5 H2C(C02C2Hsh 5 12 E-C6Hs(CH2)5CH=CHCH2CH(C02C2Hsh 66 
14 H2C=CH(Cfl2)toCH=CH2 2 5 24 E-ChHs(CH t lttCH=CHCH2CH(C02C2Hsh 52 
15 H2C=CH(CH2hC(CH .1l=CH2 5 5 36 E-ChHs(CH2)3CH=C(CHJ)CH2CH(C02C2Hsh 60 
16 0 2 2 12 "''''D"' curm,c,u,, 84 
0\ 
17 5 5 12 88 
18 p-CH30C6H4I H2C=CH(CH2hCH=CH2 5 5 12 E-p-CH30C6H4(CH2).1CH=CHCH2CH(C02C2Hsh 54 
19 p-CH1COC6H4I 5 5 8 E-p-CH_1COC6H4(CH2).1CH=CHCH2CH(C02C2Hsh 56 
20 {)__, 2 2 12 E~(CH2hCH=CHCH2CH(C02C2Hsh 55 
s s 
21 5 5 12 59 
5,164,518 
7 
This process is surprisingly versatile, gtvmg good 
yields for a variety of carbon nucleophiles. It works 
well for acyclic or cyclic dienes with anywhere from 1 
to 10 carbons between the carbon-carbon double bonds 
(Examples 13-17), and accommodates electron-rich 5 
(Example 18) or electron-poor (Example 19) aryl ha-
lides, as well as heterocyclic halides (Examples 20 and 
21). 
Only products arising from regioselective syn inser-
tion of the less substituted double bond are observed 10 
(Example 15). Careful spectroscopic examination of the 
products provides no evidence of aryl addition to the 
internal carbon of the carbon-carbon double bond of the 
diene as sometimes observed in related reactions. (R. C. 
Larock eta!., Tetrahedron Lett., 30, 6629 (1989); R. C. 15 
Larock et a!., J. Org. Chern., 55, 6244 (1990)). 
These reactions presumably proceed by oxidative 
addition of the aryl halide to Pd(O), arylpalladium addi-
tion to one of the carbon-carbon double bonds, palla-
dium migration to form a 7T-allylpalladium intermedi- 20 
ate, and carbanion displacement of the palladium moi-




The invention has been described with reference to 
various specific and preferred embodiments and tech-
niques. However, it should be understood that many 
variations and modifications may be made while re-
maining within the spirit and scope of the invention. 
What is claimed is: 
1. A method for the a,w-arylation/alkylation of a 
non-conjugated diene comprising reacting (i) a com-
pound of the formula Arl or ArBr, wherein Ar is substi-
tuted or unsubstituted aryl, with a (ii) non-conjugated 
acyclic diene or a non-conjugated cyclic diene of the 
formula: 
wherein Rl and R2 are each H, (CJ-Cs)alkyl, Ar, Ar(-
C1-4)alkyl, or, taken together, are -(CHz)q- wherein 
q is at least 1; each R3 is H, (CJ-Cs)alkyl, Ar, or Ar(-
C1-C4)alkyl; and pis at least 1; and (iii) a carbon nucleo-
phile of the general formula HC(X) (Y) (Z), wherein X 
Arl ~ ArPdl HzC=CH(CH2)2CH=CH2 > ArCH2tH(CH2hCH=CH2 
HPdl Pdl 
I I 
Ar(CHzhCH=CHCH=CH2 ~ Ar(CHz)JCHCH=CH2 ---7 
H 
I 
Ar(CH2)3-cAc-H -cHXY > Ar(CHz)JCH=CHCHzCHXY 
I I I 
H Pd H 
lh 
Fortunately, only minor amounts of aryl diene or 
CH3CHz(CH2)pCH=CHCHzCHXY side products are 
observed under these reaction conditions, even though 45 
the present reaction is run in the presence of base, carb-
anions and a very polar solvent, any of which might 
have been expected to displace a palladium hydride 
from any of the intermediate palladium hydride diene 
7T:complexes. It is indeed noteworthy that in the present 50 
process, palladium can apparently reversibly migrate up 
and down even very long carbon chains without notice-
able formation of aryl dienes or any significant decrease 
in the yield of the coupled product. 
As shown in Scheme II, this migration process is 55 
believed to proceed by a series of reversible palladium 
hydride syn eliminations and readditions as judged by 
the exclusive formation of the trans product from 1,4-
cyclohexadiene (Examples 16 and 17). The backside 
displacement of palladium from 7T-allylpalladium com- 60 
pounds by stabilized carbanions generated from the 
/3-dicarbonyl compounds and the a-cyano ester by pro-
ton abstraction by the weak base sodium bicarbonate 
results in the observed product. Only products of carb-
anion attack at the remote end of the carbon chain are 65 
observed. All products consist exclusively of the E 
isomers shown in the Table, even when a trisubstituted 
double bond is formed (Example 15). 
isH, (C1-C4)alkyl, Ar or Ar(CJ-C4)alkyl; andY and Z 
are individually CN, (CJ-C4)alkylcarbonyl, C02-(C-
t-C4)alkyl, SOzAr or, taken together, are -C(O)(CH2_ 
)m-C(O)-, wherein m is about 3-6, or -COz-(CHz_ 
)n-, wherein n is about 2-6; in the presence of (iv) an 
effective amount of a Pd(O) catalyst and (v) a base, to 
yield a compound of the formula: 
wherein p is at least 1, Rl and R2 are individually H, 
(CJ-Cs)alkyl, Ar, Ar(CJ-C4)alkyl, or taken together are 
-(CHz)q-, wherein q is at least 1; wherein each R3 is 
H, (CJ-Cs)alky1, Ar or Ar(C1-C4)alkyl and wherein Ar, 
X, Y and Z are as described above. 
2. The method of claim 1 wherein Rl and R2 are 
individually H or (CJ-Cs)alkyl. 
3. The method of claim 1 wherein each R 3 is H or 
CH3. 
4. The method of claim 2 wherein pis 1-10. 
5. The method of claim 1 wherein RI and R2 are 
-(CHz)q-, q is 1-10, and pis 1-10. 




7. The method of claim 6 wherein Y and Z are each 
CN or COz(CJ-C4)alkyl. 
8. The method of claim 1 wherein the Pd(O) catalyst 
is bis(dibenzylidene-acetone)Pd(O). 
9. The method of claim 1 wherein the base comprises 5 
a bicarbonate salt. 
10. The method of claim 1 wherein the reaction is 
carried out at about 60°-120° C. for about 5-50 hours. 
11. The method of claim 1 wherein the reaction is 
carried out in dimethylsulfoxide solution. 10 
12. The method of claim 1 where the mole ratio of 
(i):(ii):(iii) is about 1:1-10: 1-lO. 
13. The method of claim 1 wherein Ar is phenyl. 
z-(C1-C4)alkyl or, taken together, are -C(O)(CH2. 
)m-C(O)-, wherein m is about 3-6, or -COz-(CH2-
)n-, wherein n is about 2-6; in the presence of (iv) an 
effective amount of a Pd(O) catalyst (v) a base, and (vi) 
a chloride source, to yield a compound of the formula: 
wherein Ar, Rl, p, R2, R3, X, Y and Z are as defined 
above. 
17. The method of claim 16 wherein Ar is phenyl, 14. The method of claim 1 wherein the reaction is 
carried out in the presence of a chloride source. 15 tolyl, anisyl or 3,4-methylenedioxyphenyl. 
15. The method of claim 14 wherein the chloride 
source is (n-Bu)4NCl. 
16. A method for the a,w-arylation/alkylation of a 
nonconjugated diene comprising reacting (i) a com-
pound of the formula Arl, wherein Ar is substituted or 20 
unsubstituted phenyl, with (ii) a diene of the formula: 
HC=C-(CH)p-C=CH 
18. The method of claim 16 wherein R I and R2 are H. 
19. The method of claim 16 wherein X is H. 
20. The method of claim 16 wherein each R3 isH or 
CH3. 
21. The method of claim 16 wherein Y and Z are both 
CN or COzCH3. 
22. The method of claim 16 wherein pis 1-10. 
23. The method of claim 1 wherein pis 1-10 and Rl 
and R2 are -(CHz)q- wherein q is about 1-10. 
II 13 I ' I' I' R R R· R- R- 25 24. The method of claim 16 wherein the mole ratio of 
(i):(ii):(iii) is about 1:1-2.5:1-2.5. 
wherein Rl and Rz are each H, (CJ-Cs)alkyl, Ar, Ar(- 25. The method of claim 16 wherein the base com-
C1-C4)alkyl, or, taken together, are -(CHz)q-, prises an inorganic base. 
wherein q is at least 1; each R3 isH, (CJ-Cs)alkyl, Ar or 26. The method of claim 25 wherein the base com-
Ar(C1-C4)alkyl; and pis 1...:10; and (iii) a carbon nucleo- 30 prises NaHC03. 
phile of the general formulaHC(X)(Y)(Z), wherein X is 27. The method of claim 25 wherein the chloride 
H, (C1-C4)alkyl, phenyl or phen(CJ-C4)alkyl; and Y source is tetra-n-butylammonium chloride. 
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